To determine the possible role of the epigenetic mechanisms in carcinogenesis of the hepatocellular carcinoma, we methylation-profiled the promoter CpG islands of twenty four genes both in HCC tumors and the neighboring non-cancerous tissues of twenty eight patients using the methylation-specific PCR (MSP) method in conjunction with the DNA sequencing. In comparison with the normal liver tissues from the healthy donors, it was found that while remained unmethylated the ABL, CAV, EPO, GATA3, LKB1, NEP, NFL, NIS and p27
INTRODUCTION
Hepatocellular carcinoma(HCC) is one of the commonest cancerous diseases, rating the fifth in occurrence and the third in mortality worldwide [1] . As it is geographically biased toward the several parts of Asia and Africa, China in particular, it presents one of the major health threat in China [2, 3] . The dismal prognostic future of the patients is largely attributive to the rapidly advancing nature and difficulties in early diagnosis of HCC. Therefore, there are urgent needs for the robust *Both authors contribute equally to this work. **Correspondence to: Jing De ZHU Tel/Fax: 008621-64224285; diagnostic, prognostic and even therapeutic approaches that can only be brought about by the much improved understanding of the fundamental aspects at various biological levels of the events during the malignant transformation of the normal hepatocytes. The decades of intensive molecular genetic analyses have yielded a considerable amount of information on the potential genetic defects associated with the natural course of carcinogenesis of hepatocytes [4] [5] [6] . Until recently, the epigenetic mechanisms without the changes in DNA sequence has been found capable of profoundly affecting the transcription status of both genes and repetitively sequences, that subsequently confers the growing advantage to tumor cells over their normal counterparts [7] [8] [9] . The co-valent addition of the methyl group at the C5 of cytosine in the CpG dinucleotide is essentially the only form of the covalent modification of DNA in high eukaryotes, having a number of biochemical as well as biological implications It can eliminate the sequence specific binding of the transcription factors to the cognate cis-elements and promote the association of the methyl CpG specific binding proteins to the methyl CpG, with a cascade of reactions leading to the chromatin condensation and transcription silencing [10] . Over 50% of the protein coding genes have at least one CpG island within or near their promoters. Expressions of these genes are subjected to the controls over the methylation state of the CpG islands. Aberrant DNA methylation pattern changes the gene transcription and has been etiologically linked to the occurrence of a number of genetic diseases including cancers [10] . The enzymes responsible for DNA methylation are the DNA methyl transferase I and IIIA as well as IIIB. The former is mainly responsible for the maintenance of the methylation status of genomes after DNA replication, whereas the later two act principally in the de novo DNA methylation in the early development of high eukaryotic organisms [10] . Elevated expression of these three methyl transferase genes were reported in the majority of cancers tested, which may partly account for the increased local hypermethylation [10] [11] [12] . However, recent evidences demonstrated that the histone modification, methylation of histone H3 in particular, might occur prior to the establishment of the DNA hypermethylation pattern that contribute to the long-term silencing of gene transcription [13] .
Changes in the DNA methylation patterns demonstrated in all the cancers examined, consist of the global level hypomethylation in parallel with the local hypermethylation [12, 14] . The genome-wide hypomethylation can result in active transcription of the transposon like repetitive sequences (such as the Alu and LINE repeats in mammals) that have been linked to the increased genome instability, a predominant hallmark of cancer cells [15] [16] [17] . The hypermethylated status of the promoter CpG islands has been linked to the expression silencing of the tumor suppressor genes and implicated as the 2 nd hit, reminiscent to the loss of heterozygosity or other type of genetic deletion for total inactivation of the tumor suppressor genes in cancers [18] [19] [20] [21] . The loss of the genetic imprinting attributed to the changes of DNA methylation, such as reactivation of the IGF-2 gene, has been linked to the rapid proliferation of tumor cells in several types of human tumors [22] . The reverse process, i.e.,demethylatin can also result in the transcription activation of the otherwise inert genes, including c-myc, and c-ras, even though all of these genes lack the typical CpG island within or near to the promoters [23] . The association between the hypomethylation of the promoter CpG island and over-expression state of the genes such as SURVIVIN [24] and hTERC that encodes the RNA component of the telomerase [25] have been recently reported.
Methylation profiling of the promoter CpG islands of the known genes has been an important information gathering process for new insights in our understanding of the mechanisms of the DNA methylation in both initiation and progression of the carcinogenesis, as well as the new clues for development of the relevant diagnostic and prognostic methods and even for therapeutics against cancers. The recent collective efforts have identified a list of over one hundred genes, the promoter CpG islands of which change in various tumors (http://www.missouri. edu/~hypermet/list_of_promoters.htm). However, as the majority of the studies to date had only targeted one or a few genes in rather small patient groups, the concurrent hypermethylation behavior of multiple genes has only been addressed in few tumor types, except for very few examples [26] . Prior to our recent work [27] where methylation profile of the promoter CpG islands of twenty genes in twenty nine HCC patient samples were presented, there had been only two reports describing the HCC specific change in the methylation profiling of three tumor suppressor genes: p16
INK4a
, cyclin-dependent kinase inhibitor 4b (p15 INK4b ) and the alternative reading frame of the cyclin-dependent kinase inhibitor 4a (p14 ARF ), respectively. In that study we found that sixteen genes adenomatosis polyposis coli (APC), apoptotic protease activating factor (APAF1), breast cancer 1 (BRCA1), cadherin type 1 (CDH1), death-associated protein kinase 1 HCC (DAPK1), mutL homolog 1 (hMLH1), Telomerase RNA component (hTERC), p14 ARF , p15
INK4b , phosphatase and tensin homolog (PTEN), ras association domain family 1 protein isoform 1c (RASSF1c), retinoblastoma 1 (RB1), retinoic acid receptor, beta (RARb), SURVIVIN, tissue inhibitor of metalloproteinase 3 (TIMP3) and von Hippel-Lindau syndrome (VHL) remained unmethylated in all the sample tested, whereas the following four genes: Caspase 8 (CASP8), H-cadherin (CDH13), p16
INK4a and RASSF1a genes displayed the HCC associated hypermethylation to varying extents. The lack of the HCC specific changes in the sixteen of the twenty genes whose hypermethylation state of the promoter CpG island has been linked to many other types of cancer [27] was indeed a surprise. In order to establish the concordant methylation behavior of the genes displaying the HCC specific changes, we further extended our study to other twenty four genes to assess the extent of the methylation mediated mechanisms in the HCC and found fifteen genes had displayed the HCC specific changes. By the stringent mathematic analyses of the concordant methylation behaviors of the nineteen genes (including the four in the previous study [27] ), the subsets of the two to nine genes have been established in HCC and its cirrhosis/non-cirrhosis subgroups, which may provide the useful clues for the DNA methylation based diagnostic and prognostic assays for HCC.
MATERIALS AND METHODS

Tissue samples and DNA extraction
With the informed consent of all patients and donors and approval of the ethics committee, the samples of tumor and adjacent noncancerous tissues were collected from HCC patients (n = 28) during surgery at The Qidong County Hospital, The Oriental Institute for Liver Diseases and Guangxi Provincial Hospital, respectively. In addition, normal liver tissues (n = 4) were obtained from liver donors at the Liver Transplantation Unit in The First Affiliated Hospital, College of Medicine, Zhejiang University. The pathological classification of HCC tissues was carried out and the stage of each HCC was determined according to criteria outlined by the Liver Cancer Study Group of Japan [28] . Special efforts were made to include the corresponding non-cancerous tissues, samples of which were overlooked in all previous studies of HCC [24] . Furthermore, pathological examination of the tissues had been carried out to eliminate samples in which contamination of undesirable tissues exceeded 20%. To emphasize the HCC specificity of this study, normal liver tissues from four male healthy donors were collected from the Liver Transplantation Unit of the Zhejiang First Hospital as the normal liver control.
Total genomic DNA was extracted from frozen tissue specimens (50-100mg) according to standard protocol with some modifications [27] . Frozen pulverized powders of the specimens were re-suspended with 2 ml lysis buffer: 50 mM Tris-HCl pH 8.0, 50 mM EDTA, 1% SDS, 10 mM NaCl plus 100 mg/ ml boiling-treated RNase A (Sigma). 
Bisulphate treatment of DNA and methylation specific PCR (MSP)
The primer pairs for the methylation specific PCR in this report were either adopted or designed according to the same principle with assistance of the software packages for the CpG islands identification (http://www.uscnorris.com/cpgislands) and the primer design (http:/ /micro-gen.ouhsc.edu/cgi-bin/primer3_www.cgi) .
The methylation status of the promoter CpG islands of twenty four genes in all sample DNA were analyzed by MSP on the sodiumbisulfite converted DNA [27] . In detail, 10 mg DNA in 50 ml TE was incubated with 5.5 ml of 3 M NaOH at 37 o C for 10 min, followed by a 16 hour treatment at 50 o C after adding 30 ml of freshly prepared 10 mM hydroquinone and 520 ml of freshly prepared 3.6 M sodiumbisulfite at pH 5.0. The DNA was desalted using a home-made dialysis system with 1% agarose (detailed protocol will be provided upon request). The DNA in the desalted sample (approximately 100 ml in volume) was denatured at 37 C for 15 min with 5.5 ml of 3 M NaOH followed by ethanol precipitation with 33 ml 10 M NH4OAC and 300 ml ethanol. After washing with 70% ethanol, the gently dried DNA pellet was dissolved with 30 ml TE at 
Statistics
The methylation data were dichotomized as 1 for the co-existence of the methylated and unmethylated alleles, 2, for methylated allele only and 0 for the unmethylated for both alleles to facilitate statistical analysis using contingency tables. The methylation profiles of each individual gene (in percentage) classified by the cirrhosis status of the patients were presented both in table and in plot. The statistic analyses for the association between the methylation profile of the gene and each of the clinical-pathological parameters were carried out with the statistics package (http://www.R-project.org/), where both Pearsong's Chi-square test with Upton's adjustment and Fisher exact test (http://www.R-project.org/) used to deal with the sample cells with the low expected values. The relative frequency with a 95% confidence interval (P<0.05) for a binomial distribution was calculated for the whole as well as each subtypes of astrocytoma patients.
The concordant methylation behaviors of the genes were established by comparing the relevant occurrence of various subsets containing two, three and four genes respectively, with the best sub-set selection method [29] .
RESULTS AND DISCUSSIONS
Clinical-pathological considerations
The geographical distribution of HCC varies dramatically in China. In areas such as Qidong county near Shanghai as well as Guangxi province, the annual HCC incidence is as high as 70 -96/10,0000 and approximately seven to eight fold higher than that in the low incidence areas in China [30] . In view of the high likelihood of the potential geographic impact, we deliberately recruited nineteen patients in the Shanghai area, including eight patients from Qidong County, and nine patients from Guangxi province. All the patients were hepatitis B virus (HBV) infected by both immuno-serological assays and the PCR test for existence of the HBVX gene in tumor tissue (result not shown). No geographical variation is detected between these two patient groups. For instance, male patients accounted for 78.9% and 80%, cirrhosis occurred in 52.6 % and 50 % of patients and diagnoses of grade I were 28% and 30%, grade II were 44% and 40 % and grade III were 28% and 30 % of the Shanghai and Guangxi patient groups, respectively [27] . Therefore, the remaining analyses were carried out without any consideration of geographic impact.
Methylation profiling
The methylation specific PCR (MSP) on the bisulphate treated DNA has been widely used for its simplicity as well as speed. In the previous work, we verified the MSP data by sequencing the representative PCR products and validated the data of two among twenty genes studied with a non PCR mediated method, i.e., Southern analyses of the DNA digests by the methylation sensitive enzymes [27] . In this extended study, therefore, the MSP in conjunction with the DNA sequencing of the batchtreated genomic DNA from the same patient group and the normal control was adopted.
The in vivo malignant transformation of normal cells is a multiple-stage process, involving at least a dozen of genetic and epigenetic changes. In this connection, there is a prevalent notion that the morphologically "normal" cells adjacent to the cancerous tissues may have already suffered from the genetic or/and epigenetic changes that are specific to the early phase of malignant transformation. To take this favorable assumption into account, we deliberately recruited, both in this report and the previous, the neighboring non-cancerous liver tissues in addition to HCC tissues into study, which have been often excluded in other similar studies( [27] and references within).
The concerns were fully justified as to the crosscontamination of the normal tissue in the HCC samples, or vice versa. However, this seemed unfounded in our studies. First, over forty four genes (twenty four genes were in this study and twenty genes were in the previous report [27] ), were chemically treated in batch and methylated profiled in group. The obtained well diversified methylation patterns of these forty four genes are fully incompatible with the assumption that there may be the severe cross-contamination of the undesirable tissues in the designated samples. Second, MSP is a sensitive method capable of detecting a very low level of contamination of the undesirable DNA. Thirdly, in addition to the sequencing verification, the HCC specific methylation profile of the p14ARF and p15INK4b genes had been confirmed by a non-PCR based Southern analysis of the digested DNA with the methylation sensitive restriction enzymes [27] .
Another issue of importance is concerning the methylation heterozygosity in any given samples. As shown the Fig 1 and Tab 2 , although some samples were homozygously methylated or unmethylated, the majority had the co-existed methylated and unmethylated alleles. Inclusion of the normal liver tissues in our study enabled us to establish the normal methylation pattern of all the forty four genes, that except for the MAGEA1 [31] being homozygously methylated, the rest forty three were homozygously demethylated [27] (Fig 1 and Tab 2) . Therefore, any changes in the methylation pattern from the normal liver tissue's to the non-cancerous neighboring tissues or HCC tissues should indicate the involvement of the DNA methylation mediated events during the HCC carcinogenesis, that have been scored as the positive methylation change. Whether the alleles lacking in HCC specific methylation change may lose its function via the genetic mechanisms remains to be addressed in the future.
The in vivo malignant transformation of normal cells is a multiple-stage process, which involves multiple genetic and epigenetic changes. In this connection, it has been generally accepted that the morphologically "normal" cells adjacent to the cancerous tissues may have already been abnormal at both genetic and epigenetic levels, reflecting the early-phase-specific alteration of the malignant transformation. We, hence, recruited the neighboring non-cancerous liver in addition to HCC tissues, to address the stage-specific nature of the methylation changes that are likely to be reflected in the neighboring non-cancerous and HCC tissues, respectively.
Methylation profiling of twenty four genes with or without the proven roles in carcinogenesis of the human cancers
The consequence of the tumor-specific defects in the epigenetic homeostasis is global, and some detectable changes may have etiological role to play whereas others may simply the by-stander by nature. Therefore, from the list of the promoter CpG island containing genes (http:/ /www.missouri.edu/~hypermet/list_of_promoters.htm) we deliberately selected the targets that lack any proven etiological role in carcinogenesis of other tissue origins,
The former group consisted of the genes encoding the growth factor for the erythropoiesis (EPO) [32] , a ubiquitously expressed transcription factor (OCT6) [33] , the blood cell typing antigen (ABO) [34] , and the myogenetic or erythropoietic lineage-specific transcription factors (MYOD1 of GATA3) [35] [36]as well as the light chain of neurofilament (NFL) [37] . In the second group, there were four tumor suppressor genes, including two cyclindependent kinase inhibitors: p27KIP1 [38] and p57KIP2 [39] ; p53 analogue, p73 [38, 40] , as well as the Wilms tumor 1 gene, WT1. There were seven genes encoding the surface proteins or nuclear receptors acting actively in the intercellular interactions: galanin receptor 2 (GALR2) [42] , melanoma specific antigen A1 (MAGEA1), the membrane metallo-endopeptidase (NEP) [43] , solute carrier family 5 (NIS) [44] , caveolin 1 (CAV) [45] , chondroitin sulfate proteoglycan 2 (CSPG2) [46] and androgen receptor (AR) [47] . Three genes implicated in signal transduction, cyclin a1 [48] , the interferon regulatory factor 7 (IRF7), and a serine/threonine kinase 11 (Peutz-Jeghers syndrome) gene (LKB1) [18] were selected. The proto-oncogenes in this group were: the gene encoding v-abl homologue 1 (ABL) [49] and for the deleted in bladder cancer chromosome region candidate 1 (DBCCR1) [50] . The final two in the list were the genes that may be responsible for detoxification of liver cells: O-6-methylguanine-DNA methyltransferase (MGMT) [18] and metallothionein 1 A gene (MT1A) [51] .
As shown in Fig 1 and ) were unmethylated in all four cases of the normal liver tissues, and methylated to various extents in the patient's samples. Among them, there were the genes devoid of any obvious tumor association: 1, ABO (transferase A for the ABO blood typing), 2, MYOD1 (the myogenic specific transcription factor), and 3, OCT6 (a common transcription factor with POU domain). The hypermethylation frequency was as higher as 32%(9/28) and 50%(14/28) for ABO gene, 54%(15/28) and 54%(15/28) for MYOD1, as well as 50%(14/28) and 82%(23/28) for OCT6 gene in the non-cancerous neighboring liver and HCC tissue, respectively. Despite the higher incidence of changes in the methylation profile, it is not possible to discard the possible by-stander nature of such alterations (Fig 1 and  Tab 2 ). There were suggestions for the possible aging related increase in the promoter CpG island of the genes including OCT6 and MYOD1 [52, 53] , However, it seems not the case in this study as there was no obvious correlation between the age of the HCC patients and the occurrence of the methylated status of the promoter CpG island. Alternatively, likely loss of these three gene expression (extrapolated from the hypermethylated status of the relevant promoter CpG islands) indeed play some parts in the HCC formation in the unknown manners, which may deserve the further investigation.
The . Among these targets, the MGMT gene was rarely methylated ( 3.57%, 1/28). It encodes the enzyme capable of removing the alkylating adducts from the O(6) position of guanine and protects the cells from cytotoxic and mutagenic effects [20] . The MT1A gene that encodes the protein responsible for the cell detoxification targeting at various adversary stimuli including the heavy metals, has been reported being inactivated by the hypermethylated promoter CpG island in rat hepatoma [51] . It was only marginally hypermethylated in HCC (10.71%, 3/28), indicating that the DNA methylation mediated mechanism should not play any significant role in its inactivation, if there is any, in HCC. The following three genes: CSPG2 (17.86%), GALR2(21.43%) and p57 KIP2 (14.29%) were moderately hypermethylated in HCC, expression of which may not be significantly affected by the DNA hypermethylation of their promoter CpG island in HCC.
The AR gene encodes the androgen receptor that To indicate the methylation status, the sequenced data are aligned with the wild-type sequence. * , size markers, the bands of 250 bp and 100 bp were shown. U, the unmethylated; M, the hypermethylated. panels: 1, ABL; 2, ABO; 3, AR; 4, CAV; 5, CPSG2; 6, cyclin a1; 7, DBCCR1; 8, EPO; 9, GALR2; 10, GATA3; 11, IRF7; 12, LKB1; 13 play a key role in the signal transduction pathways of cells to respond to the male steroid hormone, androgen and was reported to be inactivated via the epigenetic mechanism in prostate cancers [54] . HCC seems an androgendependent tumor as it occurs five times more in males than that in the females. In this connection, a recent study reported that the AR gene was rarely expressed in the poorly differentiated HCC affecting the males [55] . This Tab 2. Summary of both occurrence and frequency of the hypermethylation for each genes in each of HCC patient samples along with some clinical-pathological parameters( age, gender, grading and cirrhosis). a), The non-cirrhosis patient group, b), the cirrhosis patient group, and c), the total patient group. The filled, shading and empty boxes indicate the cases where only hypermethylated, both hypermethylated and unmethylated and only unmethylated alleles were detected, respectively. The frequency (%) of the hypermethylated targets (except for the MAGEA1, where the hypomethylated) among the total cases was calculated and presented in plot. The frequency of changes (%) in the methylation pattern in HCC(C) and the neighboring non-cancerous tissues(N) against the normal healthy liver tissues were detailed in d).
does correlate well with the observation in this study that there was high occurrence (82.14%, 20/28) of the hypomethylation of the AR gene in the male HCC patient tissue. Although it was hypermethylated more frequently in the female (83.3%, 5/6) than the male patient group (68%, 15/22), the implication may be different. Loss of the hypermethylation of the AR gene in the females may symbolize the tumor associated defects in epige-netic control in general. The DBCCR1 gene identified at the region (q32-q33) within chromosome 9q with high LOH in human bladder carcinoma is the most frequent genetic alteration in transitional cell carcinoma (TCC) of the bladder. Its loss of expression correlated well the hypermethylation of the promoter CpG island at a frequency as high as 52% (36/ 69) bladder carcinoma [50] . In this study, the promoter CpG island has been detected at a comparable frequency (53.57%), indicating its possible role in the HCC formation.
The p73 gene encodes a protein structurally and functionally homologous to TP53, and maps to chromosomal band 1p36.33, where loss of heterozygosity has been observed in up to 90% of oligodendrogliomas and in 10-25% of diffuse astrocytoma [56, 57] . In this report, we found that the p73 gene was prevalently methylated (68 %) in HCC tissues. However, whether its hypermethy-lation correlates with its functional inactivation remain to be determined.
Both genetic defects and epigenetic abnormalities concerning the WT1 gene have been implicated in the formation of Wilm's tumor [58] . In this study, we also found the WT1 gene hypermethylated in 29% of the HCC cases, implying its possible involvement in the formation of HCC.
Resistance of tumors to the cytotoxic chemotherapies may result from the disrupted apoptosis programs and remains a major obstacle in cancer treatment. In this connection, the IRF7 gene was also analyzed, the analogue (IRF1) of which has been implicated in the IFN gammar mediated apoptosis with a profound impart to the chemo-sensitivity of the tumor cells [59, 60] . The IRF7 expression was negatively regulated by the promoter methylation [61] . In this study, the IRF7 gene was hypermethylated in 46% of the HCC cases being studied, indicating the possible involvement of its inactivation by the hypermethylation in HCC.
Hypomethylation of the promoter CpG island of the MAGEA1 gene may be essential to its HCC specific expression
Although the hypermethylation mediated gene silencing of the tumor suppressor genes has caught the major attention, the local hypomethylation has also recently been linked to reactivation of transcription of the genes that are hypermethylated and silenced in the normal tissues [9, 62] . Therefore, we have also assessed whether the switching-on of the otherwise hypermethylated genes in the normal cells is linked to the demethylated state of the promoter CpG island in the HCC tissues. The MAGEA1 gene is such an example, expression of which is off in the normal hepatocytes and on in HCC [31] . Correlating well with such an expression profile, we in deed found that the promoter CpG island of the MAGEA1 (panel 13, Fig 1) was fully methylated in the normal liver tissue, became unmethylated at a similar frequency in 18/28 (64%) and 21/28 (75%) in each of the paired HCC tissue samples, respectively. Judged by the lack of the significance difference (c2=0.76, P=0.382), the demethylation of the promoter CpG island may more likely to be an early phase event of HCC carcinogenesis.
The stage-specific nature of the HCC associated changes in the methylation profiles of the promoter CpG islands of genes
It has been well recognized that the so-called noncancerous cells defined under microscope may have already suffered some genetic lesions as have the corresponding cancerous tissues, theoutcome of the earlier events of carcinogenesis. Inclusion of the neighboring non-cancerous tissue in this study made it possible to analyzed our results from the stage-specific perspective of carcinogenesis. As shown in Tab 3, the following genes exhibited a similar frequency in changes of methylation pattern in the HCC tissues and the neighboring non-cancerous tissues from the pattern in the normal liver tissues from health volunteers: ABO ( .323, P=0.007). If the neighboring non-cancerous tissue may indeed have already suffered from the early stage genetic and/or epigenetic lesions during carcinogenesis, the HCC specific methylation changes of the ABO, CSPG2, GALR2, MT1A, MYOD1, WT1, MAGEA1, RASSF1a, CDH13 and CASP8 genes occurred at the early stage of the HCC carcinogenesis. On the contrary, the changes in the methylation pattern of the AR, cyclin a1, DBCCR1, IRF7, OCT6, p73, and p16
INK4a genes was likely to be the late phase event of HCC carcinogenesis. The implication of this new analysis in the HCC remains to be explored in the future.
Association studies of the methylation profiles of the genes with the clinical-pathological parameters of HCC
After completing the information-gathering of the methylation profiles of forty four genes ( twenty four genes in this report and twenty genes in the previous report [27] ) it naturally follows to identify the association between the HCC changes in the methylation of each target with any given clinical-pathological parameters. By a stringent statistic evaluation with both 2 and P tests, we looked for the association between the HCC specific methylation changes of each of the nineteen genes (including four genes in the previous study, 1) and various clinical-pathological parameters. Probably due to the relatively smaller size of patient samples, few association survived from such a scrutiny.
HCC is classified into two major subgroups, those associated with cirrhosis and those without, which differ from both pathological processes as well as the etiological profiles [63, 64] . Cirrhosis is a significant pre-HCC pathologic lesion and can be easily diagnosed by the noninvasive ultrasound method. In this connection, the hypermethylated cyclin a1 gene occurred more frequently in the non-cirrhosis HCC group (10/13, 76.9%) than in the cirrhosis HCC group (5/15, 20%, 2 = 3.615, P=0. 057). On the contrary, the hypermethylated p16INK4a gene was more prevalent in cirrhosis HCC patients (12/ 16, 75%) than the non-cirrhosis HCC patients (4/13, 30. 3 %, 2 =7.323, P=0.007). Although the underlying mechanisms whereby such a cirrhosis based differential methylation profile has been brought about, it's value for the prognostic evaluation of the clinical treatment of the HCC patients should not be overlooked. Furthermore, it is anticipated that more associations between the methylation of any given targets and the clinical-pathological indicators will be discovered when more HCC patients are subjected to such a study in future.
The concordant methylation behavior of the promoter CpG islands of the genes in HCC
Tab 3, The stage-specific changes in the methylation profiles of genes during carcinogenesis. By stringent statistic analyses (c 2 and p value), the difference in occurrences of DNA methylation changes between the neighboring normal tissues (N) and the HCC tissues (C) has been evaluated. a), lists the genes where no significant difference were detected, indicating these changes in the methylation profile an early stage-specific event, whereas the b) list the genes with the significant differences were detected, with a close association with the late stage of HCC formation. In column 2 and 3, a-b/c refers to the number of the methylated -unmethylated cases/the total cases (Except for the MAGE1A gene, where the order of a-b is reversed). NM, refers to the methylated cases in the neighboring non-cancerous tissue; and CM the methylated cases in the HCC tissues. N.B., Due to the particular feature in the RASSF1A, where it is 100% hyper-methylated in HCC tissue, it is beyond the capacity of such statistic analyses. The intuitive decision was supported by the same analysis with assumed 1/29 sample were not hyperme-thylated in HCC.
As far as the number of the genes is concerned, our present studies are likely to be most comprehensive in the HCC field, to our best knowledge, which enable us to look into the concordant methylation behavior of the nineteen genes in the HCC group and in various sub-groups for the first time. Both occurrence and frequencies of the HCC specific changes in various subsets of two upward to nine genes among the nineteen genes (including four genes in previous study [27] ) with the best sub-set selection method [29] . Although, CASP8 was hypermethylated in 21/29 samples tested, the remaining eight samples failed to be informative, we excluded the CASP8 gene from this analysis. As shown in Tab 5, the frequency of the two gene (the hypermethylated OCT6 and RASSF1a) was 82% and of three gene (the former two plus the hypermethylated p73) was 68% and of four gene subsets (the former three plus the demethylated MAGEA1) was 54% in the HCC patient group. In the cirrhosis-HCC groups, the frequency of the two genes (the hypermethylated RASSF1a and OCT6) was 87%, and three gene sub-sets (the former two genes plus the p16 INK4a or p73) was 73%. The corresponding pattern of the non-cirrhosis patient group was different, the frequency of the two genes (the hypermethylated RASSF1a plus the hypomethylated MAGEA1 or the hypermethylated OCT6 or the hypermethylated cyclin a1) was Tab 5. The summary of the concordant methylation behavior of the hypermethylated genes. Base upon the best sub-set selection method, the gene subsets of two to nine genes in the HCC or two to five genes in the cirrhosis and non-cirrhosis subgroups were presented. a), the HCC as a whole; b), The non-cirrhosis patient group, c), the cirrhosis patient group; d-f), the summary of the two, three and four gene subsets, respectively.
Tab 4.
The cirrhosis-associated hypermethylation of the genes in HCC. By stringent statistic analyses (c 2 and P value), the frequencydifferences in changes in DNA methylation of the genes between the cirrhosis and non-cirrhosis patient groups have been analyzed and presented.
77% and of the three gene sub-sets (the hypermethylated RASSF1a plus hypermethylated OCT6 and cyclin a1) was 69%.
SUMMARIES
Tumor associated changes in the methylation profiles of the promoter CpG islands of, chiefly, the suppressor genes have been well documented, suggesting the possible role of the epigenetic mechanisms for gene inactivation, as an alternative to the genetic lesions, including deletion and mutation in tumors [7, 65, 66] . Therefore, methylation profiling would be a useful information gathering process for a better understanding of carcinogenesis as well as the better diagnostic, prognostic and even therapeutic measures against tumors. In this study, we expand further the list of targets from twenty [27] to forty four known genes for methylation profiling in the normal healthy liver, HCC tissues and the paired normal tissues, representing a most comprehensive survey in the HCC.
Finally, the concordant methylation profiles of these nineteen genes summarized above (d-f, Tab 5) may be useful as the prognostic, possibly the diagnostic biomarkers for HCC. They may serve the good epigenetic markers to detect tumor cells from biopsies, serum, and so forth, if both sensitivity and specificity of these assays can be satisfactorily established. It may also be useful to determine the methylation status of these markers in circulating tumor cells in blood or predict the sensitivity to chemotherapy, and overall therapeutic outcomes of the HCC patients differing in cirrhosis status, grading and other clinical-pathological profiles.
